Abstract: This study aimed to evaluate the urinary excretion of sodium and potassium, and to estimate the main food sources of sodium in Maputo dwellers. A cross-sectional evaluation of a sample of 100 hospital workers was conducted between October 2012 and May 2013. Sodium and potassium urinary excretion was assessed in a 24-h urine sample; creatinine excretion was used to exclude unlikely urine values. Food intake in the same period of urine collection was assessed using a 24-h dietary recall. The Food Processor Plus ® was used to estimate sodium intake corresponding to naturally occurring sodium and sodium added to processed foods (non-discretionary sodium). Salt added during culinary preparations (discretionary sodium) was computed as the difference between urinary sodium excretion and non-discretionary sodium. The mean (standard deviation) urinary sodium excretion was 4220 (1830) mg/day, and 92% of the participants were above the World Health Organization (WHO) recommendations. Discretionary sodium contributed 60.1% of total dietary sodium intake, followed by sodium from processed foods (29.0%) and naturally occurring sodium (10.9%). The mean (standard deviation) urinary potassium excretion was 1909 (778) mg/day, and 96% of the participants were below the WHO potassium intake recommendation. The mean (standard deviation) sodium to potassium molar ratio was 4.2 (2.4). Interventions to decrease sodium and increase potassium intake are needed in Mozambique.
Introduction
High sodium intake increases blood pressure (BP) and negatively affects endothelial and cardiovascular function, being positively associated with kidney disease, and cardiovascular morbidity and mortality [1] [2] [3] . Monitoring sodium intake at a population level, including the assessment of the contribution of different dietary sources of sodium to the overall consumption, are key aspects when designing interventions to control this risk factor.
The upper limit for sodium intake recommended by the World Health Organization (WHO) is two grams per day, corresponding to five grams of salt (sodium chloride)/day [4] . However, population-based data on sodium intake around the world shows that the intake far exceeds the and to collect all urine over the following 24 h, including the first void on the following morning, and to keep note of the time of the start and end of collection. This process occurred during weekdays and weekends, in periods not including any night shifts of the participants. Urine samples were analyzed for volume, creatinine, sodium and potassium. Sodium and potassium in urine were measured by flame photometry and creatinine by an automated validated enzymatic method.
To minimize systematic error due to incomplete urine collection, detailed instructions for a valid collection of urine were given orally and a leaflet was provided to each participant. In addition, a 3-L container was given to each participant to store the urine for 24 h, plus a 1-L plastic jug for each urine sample collection and a funnel to assist in both urine collection in the case of women, and in the transfer of urine from the jug to the 3-L container. Each participant was offered a backpack to facilitate the transportation of all this material when participants were away from home. Also, on the day of delivery of the 24-h urine participants were asked about the validity of their urine through the question, "How many times did you forget to pass urine sample in the counter during the 24 h". Participants were also questioned about the occurrence of any problem that may have compromised the validity of urine.
The urinary creatinine excretion was used to exclude samples unlikely to represent a 24-h urine collection, either by undersampling or oversampling. We used the 24-h urinary creatinine excretion in relation to body weight, that is, creatinine coefficient = creatinine (mg/day)/weight (kg). Coefficients between 14.4 to 33.6 in men and 10.8 to 25.2 in women were considered sufficient to ensure that the samples corresponded to a 24-h period as recommended [32] . This led to the exclusion of the samples from 18 participants, and a total of 82 were considered for data analysis.
Dietary Intake
A 24-h dietary recall referring to the day of urine collection was obtained by a trained interviewer. Participants were asked to report all foods and beverages consumed in the reference period, aided by a photographic book and household measures (spoons, plates, cups and glasses) to quantify portion sizes. Data was collected regarding the amount of different foods consumed, identifying those consumed outside home, and also detailed information on the amount of added fat, sugar, chicken powdered stocks, salt added at the table and during cooking, and the use of other seasonings, the brand of processed foods, recipes and culinary methods. Food Processor Plus ® (Esha Research, Salem, OR, USA) was used to convert foods into nutrients; this software uses the U.S. Department of Agriculture food composition table, including raw and/or processed foods. Data referring to foods not available in the latter database was obtained from the Mozambican Food Composition Tables [33] . Data from the Brazilian Food Composition Table [34] was also used for foods not available in the Mozambican tables. For industrial food products, data from nutritional labels were used. Naturally occurring sodium and sodium added to processed foods (non-discretionary sodium), was then calculated and the salt added during culinary preparations (discretionary sodium) was estimated by the difference between urinary sodium excretion and non-discretionary sodium.
Anthropometric Measures
A SECA ® (Seca GmbH, Hamburg, Germany) digital scale with an embedded stadiometer was used for weight and height measurements, to the nearest 0.1 km and 0.1 cm, respectively. The participants were evaluated lightly clothed, barefooted, positioned in the center of the scale and with the head positioned in the Frankfort plan, according to standard procedures [35] . Body mass index (BMI) was calculated as the weight (kg) divided by square of height (m) and WHO cutoffs were used to define underweight (<18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ) and obesity (≥30 kg/m 2 ) [36] .
A constant tension tape was used to measure waist circumference, directly over the skin at the level of the midpoint between the inferior margin of the last rib and the iliac crest in the mid-axillary-line, to the nearest 0.1 cm. Abdominal obesity was considered present when waist circumference was >88 cm for women and >102 cm for men [37] .
Statistical Analysis
For comparisons between men and women, we used the following statistical tests: (i) the independent samples t-test for continuous socio-demographic, anthropometric and urinary parameters; (ii) the Mann-Whitney U test for dietary intakes; (iii) the Chi-Square for categorical variables. Data analysis was conducted using the Statistical Package for Social Sciences, version 23 (IBM Corporation, New York, NY, USA).
Ethics
The study protocol was approved by the Mozambican National Bioethics Committee for Health and written informed consent was obtained from all participants. The ethic approval code is 236/CNBS/12.
Results
The participants' mean age was 40 years and approximately half reported more than primary school education. Just over half were classified as overweight or obese (Table 1) . As shown in Table 2 , the most frequently consumed food groups in the previous 24 h (percentage of participants consuming, median intake among consumers) were cereal and cereal products (100%, 360 g), oils and fats (96%, 9 g) and vegetables (94%, 94 g).
A total of 90% of the participants consumed fruits and/or vegetables, from whom 26% met the recommended daily intake of at least 400 g [38] .
Results from urine collection are shown in Table 3 . Overall, the mean (standard deviation) urinary sodium excretion was 4220 (1830) mg/day and 92% of the participants did not meet the WHO recommendations for a maximum sodium intake of 2 g/day; in fact, almost half (56.4% of women and 41.9% of men) had a sodium intake above twice the recommended.
The mean (standard deviation) urinary potassium excretion was 1909 (778) mg/day, and 96% of the participants did not meet the WHO recommendations for minimum potassium intake. Mean (standard deviation) urinary sodium/potassium molar ratio was 4.7 (2.6) for women and 3.7 (2.1) for men (p = 0.06).
Sodium from salt added during culinary preparations was the most important contributor to total sodium intake (all participants, 60.1%; women, 66.5%; men, 54.2%), followed by salt from processed foods (all participants, 29.0%; women, 26.0%; men, 31.8%). Naturally occurring sodium accounted for 10.9% of the overall intake (7.4% in women and 14.0% in men) ( Figure 1 ).
In this sample, 69.5% of participants used chicken stocks for cooking or seasoning food, 96.3% added salt when cooking and 35.4% used salt for salad seasoning. Figure 1 . Mean sodium contribution (%) from discretionary salt use (added sodium during culinary preparations), salt added during processing (sodium from processed foods) and sodium intrinsic in food (naturally occurring sodium), overall and by sex.
Discussion
To the best of our knowledge, this is the first study on sodium intake in the Mozambican population using 24-h urinary sodium excretion. Our results showed that nine out of every 10 participants exceeded the recommended sodium consumption, and the mean intake was more than twice the recommended by the WHO [4] . Sodium from salt added during culinary preparations accounted for almost two thirds of the total sodium intake.
Data on sodium intakes in African countries is scarce and most of the available studies are older than 15 years, many of them dating back over 30 years. This data was used in recently published systematic reviews that revealed sodium intakes in adult populations from African countries above the WHO recommended maximum of 2 g/day [23, 39] , with lower values found in Sub-Saharan Africa (<3.3 g/day) than in other world regions [39] . Nevertheless, a recent study conducted in Benin, in urban and rural areas, revealed a mean dietary intake of 4.4 g/24 h of sodium and 1.8 g/24 h of potassium, which are in line with findings from the present study [40] .
In a systematic review including data from several countries worldwide, mean sodium intake was always lower in women, with the difference between sexes ranging from 8.9% in South Asia to 10.7% in Western Europe [39] . In the latter study, estimated sodium intakes ranged from 2.18 g/day in Eastern Sub-Saharan Africa to 4.80 g/day in Asian regions [39] . Despite the fact that in our study, similarly to the situation described in other Sub-Saharan African countries [23] , no significant differences between sexes were observed in sodium excretion, women presented a higher proportion of urinary sodium to potassium ratio than men. This finding may, at least partially, be explained by the reported significantly higher consumption of sugars, preserves and confectionery by women, as some foods in this group (e.g., cakes, biscuits and cookies) can be important sources of sodium and mostly are low in potassium. In addition, although not statistically significant, women, compared to men, reported a higher consumption of meat products which are also frequently high in sodium.
In our study, discretionary salt was the leading main source of sodium intake, as observed in other studies conducted in different countries [41, 42] including South Africa [43] , Japan and China [11, 44] . Interestingly, besides the use of salt added at the table (35% of the participants) and during cooking (96% of the participants), using stock powder when cooking or adding it to prepared food and salads was shown to be frequent in the present sample of the Mozambican population (70% of the participants). As such, stock powder may be an important source of sodium intake by the Mozambican population, since many people probably do not look at labels and are not aware of sodium contents in these products, using them as additional seasoning. On the contrary, in European and North American countries sodium intake is dominated by sodium added by industry in processed/ultra-processed foods [45] . Yet an increase in the consumption of ultra-processed foods [46] may also be expected in Mozambique, along with globalization.
In addition to high sodium intake, a low intake of potassium, which is inversely related to blood pressure and to the risk of stroke [47] , was also observed. Our data on urinary potassium excretion was well below the lower limit recommended by the WHO, which reflects the low consumption of potassium dietary sources such as fruit, vegetables and pulses.
The Na/K ratio was also calculated. In addition to being considered a stronger metric for the relation of sodium and blood pressure [16] than either sodium or potassium alone, the ratio may be an indicator of correction for completeness and correlated measurement errors that can occur during the 24-h period of urine collection [18, 48] . Furthermore, since this ratio is independent of the total energy intake, unlike sodium and potassium intakes, which are strongly related to energy intake, it is a better index of sodium and potassium intake [49] . Additionally, as revealed by data from the INTERSALT study, there is a higher correlation of casual urinary Na/K ratio with 24-h urinary Na/K ratio than the correlation of casual urinary sodium or potassium and creatinine with 24-h urinary excretion of sodium or potassium, respectively. As such, the estimation of Na/K ratio in casual ("spot") urine may represent an alternative to the estimation in 24-h urine at a population level and, also, with repeated measurements, for individuals [50] .
Higher sodium/potassium ratios are associated with higher blood pressure values. As such, monitoring this ratio over time can contribute to identify populations going through industrialization of diet and at high risk for nutrition-related chronic diseases [51] and increased risk of cardiovascular diseases [52] . We observed a mean sodium/potassium ratio far above the 1:1 ratio suggested by the WHO, which is considered beneficial for health [53] . Our results are consistent with the ones recently published about sodium and potassium intake in South Africa where 77% of the population exceeded the daily recommendation of 5 g salt, 93% of the population did not meet the potassium recommendations and median sodium to potassium ratio was 3.5, which is lower than the mean of our observations [54] .
The 24-h urine collection, the major strength of our study, is considered to be the gold standard to assess sodium intake [41, [55] [56] [57] [58] since 90% of ingested sodium is excreted in the urine [57] . Besides rigorous validation through urinary creatinine excretion, which minimizes bias due to under-or over-collection, more than a single 24-h urine collection should have been obtained from each participant to decrease daily variability. The misclassification of the levels of sodium excretion in a one day only collection is expected to reflect mostly random error. However, the differences between the dietary intake of sodium in the days when participants collected the urine in relation with their usual intake, either random or due to real changes in intakes induced by the participation in the study, would be expectedly lower if urine collection covered a greater number of days. Nevertheless, the high levels of sodium excretion observed in our study are likely to be conservative estimates, as a Hawthorne effect-like bias would result in healthier behaviors.
Other limitations of the present study must be discussed. It was based on a non-representative sample, which limits the extrapolation of the obtained estimates to the overall Mozambican population. Although all the participants of the present study were from an urban setting, and employed, and around 50% had at least seven years of education, which could compromise the external validity of the results, inferences to the general population of Maputo may still be possible; in fact, according to the 2008/09 third national family budget survey [59] , around 45% of the Mozambican population in the age group of 40 to 49 years had some degree of education, which is progressively increasing in the country, and the city of Maputo presents the best literacy indicators in the country. The prevalence of overweight and obesity in this sample suggest that the participants evaluated are similar to the population from Maputo city regarding this characteristics; a nationally representative survey conducted in 2005 found that one fifth of Mozambican adult population was overweight or obese, with a higher prevalence in women, urban areas and more literate people. The differences in energy intake between sexes were not statistically significant (2479 ± 852 Kcal in women and 2682 ± 1048 Kcal in men, p = 0.347), which may reflect limited statistical power, despite men presenting a greater intake.
The relatively small sample size also limits the precision of the estimates, but it does not compromise the validity of our findings. Also of note, the collection of urinary samples occurred during the warmer months of the year in Mozambique, when it is expected a lower proportion of urinary excretion of the ingested sodium [60] . Accordingly, the present estimates are expectedly lower than if the study had been conducted during the colder season.
The use of a 24-h dietary recall may also be associated with recall bias, although the short recall period (previous 24 h) allied to the use of memory aids (a photographic book and household measures) may have contributed to minimize it. Social desirability bias may also be present, although the interviewers were trained to help the participants in the process and instructed not to be judgmental. Additionally, underreporting of sodium consumption is commonly seen due to the correlation of sodium intake and total energy intake, which is underreported in dietary recall studies, particularly by women and overweight or obese people [57] . The "subtraction" method used to calculate discretionary sodium is not the gold standard recommendation and as some limitations due mainly to the difficulty in analyzing the sodium contents in the diverse foods. Even so, it represents an acceptable and more accessible way of obtaining discretionary salt intake [61] .
Also of note, inferences on potassium intake based only in urinary excretions may be misleading as urinary measured potassium may not be representative of the dietary values, due to extra-renal losses, particularly fecal [62] . In the present study, analysis of 24-h dietary recall measures, which has been reported as highly correlated to actual potassium intake [62] , showed mean (SD) potassium intake of 3097 (1222) mg for women and 3226 (1754) mg for men (p = 0.705), which are higher than the urinary measures. Therefore the compliance with the potassium recommendations were also higher when using the 24-h recall (35.9% in women and 34.9% in men). Accordingly, the mean (SD) ratios were lower than the estimates from urinary excretion, with Na/K of 3.0 (2.4) for women and 2.6 (1.8) for men (p = 0.437). Thus, we cannot rule out the possibility that, by using 24-h urinary data, the potassium intake was underestimated in the present study and thus the Na/K ratio may be overestimated. Even so, the Na/K ratio, either by urinary or dietary estimation, was above the recommended by WHO, indication of higher sodium and lower potassium intake in this sample of Mozambican population.
Sodium reduction is considered to be cost effective and one of the top 10 "best buys" interventions for preventing non-communicable diseases (NCDs) [63, 64] . It was shown that a reduction of 2400 mg/day in sodium intake predicts a decrease of 5.8 mm Hg in systolic blood pressure after adjustment for age, ethnic group, and blood pressure status [65] , which is expected to decrease stroke mortality, ischemic heart disease and other vascular diseases [66] . It is also important to note that the effects of sodium reduction on blood pressure tend to be greater in black people and in hypertensive subjects, which would be of great importance in Mozambique given the high proportion of hypertensive subjects not controlled [67] .
In the WHO Global Action Plan for the Prevention and Control of Non-Communicable Diseases 2013-2020, one of the key target is to make a 30% relative reduction of mean sodium intake at the population level [68] . In Sub-Saharan countries, under epidemiological and nutritional transitions, this is particularly relevant, since it is expected that there will be a growth of globalization, which is frequently associated with dietary changes including the increase of sodium-rich and potassium-poor foods [69] .
In a very recent systematic review about salt reduction initiatives around the world it was shown that the Eastern Mediterranean, South-East Asia and Africa are the three regions with the least salt reduction activity and where the NCDs are projected to increase the most [70] . Implementing a salt reduction program, such as the successful one in the United Kingdom (15% reduction in the average salt intake) and already followed by other countries, namely the United States, Canada and Australia, would expectedly represent an important step towards a healthier population and fewer socioeconomic losses [71] . Interventions on salt intake reduction in the Sub-Saharan Africa region were applied in South Africa (through legislation to make the food industry reduce the salt content of selected products) and in Mauritius (through salt reduction in bread) [42] .
Our results present a first glimpse on the sodium and potassium consumption in Mozambique. Estimates in samples that are representative of the general population will be needed to confirm the findings from the present study in order to better identify population targets to prioritize interventions.
The sample of the Mozambican population evaluated in the present study revealed a high consumption on sodium, high Na/K ratio, and low potassium consumption in relation to the WHO recommendations. With the already high prevalence of hypertension in the country, future NCD prevention strategies should emphasize measures for population salt consumption control and enhancement of potassium intake. Besides consumer education, incentives for agricultural production of beans, nuts, fruits and vegetables, which are important food sources of potassium, the promotion of community and school gardens, as well as improvement of the transport network to facilitate the access of those foods, are measures that would promote an increase in potassium intake. According to a recently published revision of intervention strategies for reduction of salt consumption, although strategies involving multiple components, both upstream (regulatory and fiscal interventions, food labelling and media campaigns and population-wide policies such as mandatory reformulation) and downstream interventions (individually focused interventions like dietary counselling for individuals, worksites or communities), achieved the biggest population level reductions in salt consumption; the greater effects in population-wide salt consumption were observed with upstream, population-level strategies [72] . In a low-income country as Mozambique, where deprived groups more often consume foods high in salt, sugar and fat, inequalities may be widened by downstream interventions focused on individuals; upstream structural interventions are probably more indicated, as they may reduce inequalities and can be rapid, cost-effective and cost-saving. Further study on political feasibility and stakeholder influence are needed in order to set targets for population salt and potassium intake and develop a strategy, involving different stakeholders, namely the government and the food industries, to reduce sodium and increase potassium intakes.
Conclusions
In this convenience sample of Maputo inhabitants, less than one out of 10 participants met the recommended levels of sodium and potassium intakes, and the sodium-to-potassium ratio was far higher than the level recommended by WHO. Sodium from salt and stock powder added to culinary preparations was the most reported contributor for the total intake. This results suggest that population-level measures to modify the current patterns of consumption of sodium and potassium in the country are warranted towards the prevention of the farseeing additional burden to the health system. The main sources of sodium intake uncovered by this study should be further explored at a national level, if possible, to clarify their potential as targets for tailored interventions aiming to decrease salt intake towards the prevention of NCDs in Mozambique.
